Introduction
The photochromic behaviour of spiropyrans has been known for over fifty years, 1 and their intriguing properties and potential applications as sensors, 2 molecular switches, 3 erasable memories, 4 etc., have ensured that they are of considerable interest to a broad spectrum of scientists.
5
Spiropyrans tend to absorb light in the 200-400 nm range, which can produce bond-cleavage resulting in an open merocyanine form; the reversibility of this transformation can normally be attained via either thermal or photochemical means, Scheme 1. 7 as well as on the polarity of the solvent. 8 Furthermore, the addition of suitable substituents in appropriate positions may also affect stability, solubility and metal-binding ability. 9 Merocyanine conformations are important for understanding decomposition and ring-closure processes. Although most photochromic work on spiropyrans has been done in solution, there have been some reports on the solid-state photochemical behaviour of this family of compounds. 10 In order to better understand how the balance between open and closed forms may be controlled or influenced by intermolecular interactions in the solid-state, we have embarked upon a systematic synthetic-structural program with a view to examining how different substituents affect the precise molecular geometry (and thus photochemical behaviour) of the spiropyran molecule. We are particularly interested in how the open merocyanine form may be stabilized and such a structural study can inform the subsequent design of a wide range of chemosensory devices geared towards selective recognition and binding of metal ions. Despite the fact that spiropyrans have been extensively studied (a SciFinder search produces over 2000 entries), a mere 36 crystal structures 11 have been reported, only four of which are for the open-form merocyanine.
12, , 13 14 In order to establish potential connections between molecular geometry, photochromic behaviour, and sold-state structures, we have synthesized three spiropyran derivatives ethyl-4-(3',3'-dimethyl-6-nitrospiro[chromene-2,2'-indoline]-1'-yl)butanoate, 2, 4-(8-methoxy-3',3'-dimethyl-6-nitrospiro[chromene-2,2'-indoline]-1'-yl)butanoate, 3, and 2-(3',3'-dimethyl-6-nitro-3'Hspiro[chromene-2,2'-indol]-1'-yl)ethanol, 5, and analyzed their structural features in the context of existing literature data.
Experimental

Synthesis of 1-(4-ethoxy-4-oxobutyl)-2,3,3-trimethyl-3H-indolium bromide, 1
A solution of 2,3,3-trimethylindolenine (8.49 mmol, 1.36 ml) and 4-bromobutyrate (12.7 mmol, 1.81 ml) in 20 ml of chloroform was stirred under reflux for 24h. The solution was cooled to room temperature and the solvent was then evaporated. To the purple residue 1 ml of methanol was added and the product was crystallized from 20-30 ml of diethyl ether affording 1.22 g of a pink powder, yield 43%. A solution containing 0.783 g (2.21 mmol) of 1 and 0.653 g (3.32 mmol) of 3-methoxy-5-nitrosalicylaldehyde in 20 ml of ethanol was stirred at reflux for 24h. The solution was then concentrated and kept in the freezer for 24h. A yellow powder was filtered off from the chilled solution and washed with cold ethanol. It was then dissolved in 30 ml of dichloromethane, washed with a 10 % aqueous solution of Na 2 CO 3 , dried over Na 2 SO 4 . The solvent was then distilled at reduced pressure affording 351 mg of a blue solid, yield 35%. Crystal growth: To a small vial, 1 ml of a 0.043M acetonitrile solution of 3 was combined with 1 ml of methanol. The solution was slowly evaporated at ambient condition which produced colourless prisms.
H-NMR
Synthesis of 1-(2-hydroxyethyl)-2,3,3-trimethyl-3H-indolium bromide, 4
A solution of 2,3,3-trimethyl-3H-indole (1.40 g, 8.8 mmol) and 2-bromoethanol (1.37 g, 10.9 mmol) in CH 3 CN (20 mL) was heated for 24 h under reflux and N 2 . After cooling down to ambient temperature, the solvent was distilled off under reduced pressure. The residue was suspended in hexane (25 mL) and the mixture was sonicated and filtered. The resulting solid was crystallized from CHCl 3 (35 mL) to afford the product (1.14 g, 46%) as a pink solid. A solution of 3-methoxy-2-hydroxy-5-nitrobenzaldehyde (1.14 g, 4 mmol) and 4 (0.87 g, 4 mmol) in EtOH (20 mL) was heated for 6 h under reflux and N 2 . After cooling down to ambient temperature, the mixture was filtered. The resulting solid was dissolved in dichloromethane, washed with a Na 2 CO 3 solution in water (10%) and the organic phase was dried over Na 2 SO4. After evaporation of solvent 300 mg, 31% of 2 were obtained as a golden solid. 
X-ray data
Datasets were collected on Bruker Kappa APEX II systems using MoKα radiation. Data were collected using APEX2 software. 15 Initial cell constants were found by small widely separated "matrix" runs. Data collection strategies were determined using COSMO. Scan speed and scan width were chosen based on scattering power and peak rocking curves. All datasets were collected at -153 °C using an Oxford Cryostream low-temperature device. Unit cell constants and orientation matrix were improved by least-squares refinement of reflections thresholded from the entire dataset. Integration was performed with SAINT, 16 using this improved unit cell as a starting point. Precise unit cell constants were calculated in SAINT from the final merged dataset. Lorentz and polarization corrections were applied. Absorption corrections were not applied (in all cases μ*d < 0.025). Data were reduced with SHELXTL. 17 The structures were solved in all cases by direct methods without incident. All hydrogen atoms were assigned to idealized positions and were allowed to ride, with the exception of the hydroxyl proton H23 of 5, whose coordinates were allowed to refine. 3 crystallized in the noncentrosymmetric space group Cc. Due to the absence of anomalous scatterers, no attempt was made to determine absolute configuration, and Friedel opposites were merged. The monoclinic unit cell for 2 contained 16 formula units. The asymmetric unit was therefore divided into four parts, using the SHELXL "RESI" command. The presence of multiple molecules per asymmetric unit suggested accidental cell doubling; however, inspection of the unit cell contents confirmed that the larger cell was warranted as the four independent molecules were, in fact, significantly different in geometry and not simply translational copies. In addition, there were significant intensities for h ≠ 4N (which would not have been the case for the smaller unit cell.) 
Results
Labelled, thermal ellipsoid plots for the molecular structures of 2, 3, and 5 are shown in Figs. 1, 3 , and 5, respectively, and relevant crystallographic information is given in Table 1 . 
Figure 1
The four crystallographically unique molecules in the crystal structure of 2. Ellipsoids at 50% probability.
The crystal structure determination of 2 reveals that it is in the closed form, and there are four independent spiropyran molecules in the asymmetric unit. They all have similar molecular geometries, with only relatively minor differences in the butanoate chain. The geometry around the indolic nitrogen atom is consistent with an sp The crystal structure determination of 3 shows that this compound also exists in the closed form, but in this case there is only one spiropyran molecule in the asymmetric unit, Figure 3 . Again, the geometry around the indolic nitrogen atom is consistent with an sp 3 hybridization (the C (8) Ellipsoids at 50% probability. 20 Neighbouring molecules in the crystal structure of 3 are closepacked in a very tight manner which is reflected in the relatively high density of the compound, 1.33 g cm -3 (calc). In this case adjacent molecules along the c-axis are staggered (not head-to-tail), in order to better accommodate the methoxy-group on the phenyl ring. 
Figure 5
The molecular structure of 5. Ellipsoids at 50% probability.
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The presence of a strong hydrogen-bond donor (the -OH group) and a powerful hydrogen-bond acceptor (the phenolate moiety), introduces a structure-directing hydrogen bond, which produces a chain of zwitterions, Figure 6 . 
Discussion
50
A comparison of the most important geometric parameters in the crystal structures of 2 and 3 with data from the CSD for 32 previously reported closed structures is shown in Table 2 with the labelling scheme shown in Scheme 2. The data in Table 2 show that the molecular geometries of the closed spiropyrans reported herein deviate very little from the average values based on 32 previously reported compounds. This indicates that different substituents on the phenolic backbone have little effect on bond lengths and bond angles even though they are, electronically, very important for stabilizing the zwitterionic open form. The reverse reaction (merocyanine → spiropyran) is also very facile which explains the paucity of strutural data for the open form.
A comparison of the most important geometric parameters in the crystal structure of 5 (in the open merocyanine form) with data from the CSD for the four previously reported structures is shown in Table 3 (labels shown in Scheme 2). carried two stabilizing nitro substituents on the phenyl backbone.
On the other hand, only three of the 32 known closed forms contain a strong hydrogen-bond donor site. In 1,3,3-trimethyl-5'-hydroxy-7'-formyl-spiro-indolin-2,2'-(2H)chromene SISJEK, Table 6 ), the hydroxy group is engaged in an intramolecular hydrogen bond to an adjacent formyl moiety and is therefore not available for intermolecular interactions. (IHOFOA, Table 6 ) and 3-{3,3-dimethyl-6'-nitrospirol[2'H-chromene-2,2'-(2,3-dihydro-1H-indole)]-propanoic acid (NACBOJ , Table 5 ) which contains head-tohead carboxylic acid dimers in the solid state. Both appear in the closed form despite the presence of hydrogen-bond donors, which indicates that the presence of such moieties alone are not sufficient to ensure an open merocyanine structure. Although it is too early to state unambiguously how important intermolecular hydrogen bonds are in this context (due to the lack of structural information), it is certainly plausible that hydrogen-bond based non-covalent stabilization of the phenolate oxygen atom may be a significant factor for controlling the spiropyran-merocyanine balance. We are currently undertaking a systematic synthesis-structural study to test this hypothesis in order to establish if it is possible to influence the photochromic behaviour of this family of compounds not just via covalent means, but also through supramolecular chemistry.
